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INTRODUCTION
Previous animal studies have shown that cellular immunity or delayed hypersensitivity occurs in the respiratory tract after appropriate antigen contact. Intranasal immunization of guinea pigs with dinitrophenylated human IgG (DNP-HGG) 1 induced immune respiratory lymphocytes which could produce migration inhibition factor (MIF) when stimulated with DNP-HGG (1, 2) . Studies of pulmonary infection with Mycoplasma pneumoniae in hamsters (3, 4) or with such facultative intracellular organisms as Calmette-Guerin bacillus in rabbits (5) and Listeria monocytogenes in mice (6) have demonstrated that delayed hypersensitivity was a major component of acquired immunity. Recently, extracts from group A streptococci were shown to stimulate lymphocytes to inhibit migration of guinea pig alveolar macrophages (7) .
Certain gram-negative bacilli cause infections in humans which elicit prominent mononuclear cell responses. It has been suggested that the cellular response to these gram-negative bacterial infections might be an expression of delayed hypersensitivity or cellular immunity.
In infections caused by Salmonella typhosa mononuclear cells infiltrate lesions of the skin, lungs, and other viscera (8) and appear in the diarrheal stools (9) .
Histological studies of human lungs after fatal gram- negative pneumonias have identified appreciable infiltrations of mononuclear cells. The presence of mono1Abbreviations used in this paper: DNP-HGG, dinitrophenylated human IgG; FCS, fetal calf serum; LPS-II, lipopolysacchar-ide immunotype 2; MHS, modified Hank's salt solution; MIF, migration inhibitory factor; PMN, polymorphonuclear.
nuclear cells was particularly noticeable in cases of pneumonia caused by Escherichia coli (10, 11) , Klebsiella pneumoniae (12) , and Pseudomonas aeruginosa (13) . Recently, normal humans were shown to have delayed or tuberculin-like skin reactivity to a variety of bacterial endotoxins which suggested that they had natural or pre-existing cellular immunity (14) .
Previously we examined the interaction of respiratory opsonic antibodies and alveolar macrophages in rabbits immunized with whole-cell P. aeruginosa vaccines (15, 16) . The present work extends these observations to the development of cellular immunity in respiratory tract after immunization with lipopolysaccharide extracted from a strain of P. aeruginosa. (19) .
METHODS
The spleens were minced, homogenized in a glass grinder containing MHS, and washed through several layers of loose gauze to remove splenic debris. The cell suspension was centrifuged at 1,800 rpm for 5 min at 250C. Red cells in the pellet were hypotonically lysed4 within a 5-min interval; the spleen cells were then washed several times in MHS and suspended in 2-3 ml of enriched McCoy's media.
Fractionation of cell suspensions. Respiratory and spleen cell suspensions were filtered through nylon-wool-glass bead columns as previously described (20) . The columns were equilibrated with enriched McCoy's media and cell suspensions, applied to individual columns, were allowed to incubate for 30 min. Nonadherent cells were eluted at a flow rate of about 0.5 ml/min during a 30-min interval. The eluted cells were centrifuged and washed once before a final suspension was made.
Preparation of MIF containing culture fluids. Column purified splenic lymphocytes were cultured in enriched McCoy's media to which 5 /tg/ml of gentamicin sulfate was added. The cell density was 5-6 X 106 cells/ml and the volume was 2.2 ml. Sets of tubes contained either no antigen or LPS-II at final concentrations of 10 gg/ml or 24 jug/ml. After 24 h of culture at 370C in 5%o C02 and moist air, cell-free supernates were collected and used in alveolar macrophage migration assays.
Respiratory cell suspensions were incubated in similar media at a density of 1-2 X 10' lymphocytes/ml. Cultures were established with no antigen and with LPS-II added to a final concentration of 24 ,ug/ml. Cell-free supernates were collected at 24 h and added to alveolar macrophagecontaining chambers for assay of MIF activity.
MIF assay. Inhibition of macrophage migration was evaluated by the method of David, Al-Askari, Lawrence, and Thomas (21) . Each Sykes-Moore chamber, containing two capillary tubes packed with a macrophage cell suspension, was filled with approximately 0.9 ml of test media and incubated at 370C in moist air and 5%o C02. Duplicate chambers were used for each assayed specimen. The areas of macrophage migration were drawn at 24 h and the mean area of migration ±standard error for four capillary tubes was calculated. The percent of migration inhibition 'Prepared by NIH Media Unit. The stock solution contained ammonium chloride 33.1 g, potassium bicarbonate 4 g, and EDTA 14.88 g in 4 liters of water. Because column fractionation has not been used as a method for separating lymphocytes from respiratory cell suspensions, the efficiency of nonadherent lymphocyte recovery from respiratory cell mixtures was of interest and is contrasted with spleen cell fractionations in Table II . Data are presented from 12 i.m. and 12 intranasally immunized rabbits. Because no significant variation in the total and differential cell counts in the bronchial lavage fluid or spleen suspensions were found between the two groups, the data have been combined for presentation.
Column fractionation resulted in approximately a fivefold enrichment of respiratory lymphocytes. The remaining cells collected from the column were macrophages, but they tended to be of small size (10-15 /m diameter) yet retained their capability for surface adherence and phagocytosis. Fractionation of spleen cell suspensions separated about 38% of the original small lymphocyte population and yielded cells which had improved viability. Previously, it has been shown that nonadherent lymphocytes fractionated from guinea pig lymph node cell suspensions on similar columns were primarily T lymphocytes (20) . However, differentiation of the nonadherent rabbit lymphocytes into B-and T-cell populations was not attempted-in our studies. Table III shows the degree of macrophage inhibition from direct and indirect MIF assays in rabbits immunized i.m. and intranasally with LPS-II. Evidence of MIF activity was not convincingly detected in either group of animals until 2 wk of immunization had passed with the exception of splenic lymphocyte MIF production in intranasally immunized rabbits. At 2 wk the direct MIF assays of respiratory cells from intranasally immunized rabbits were significant in five or seven animals tested and were still positive 1 wk later (four of -five rabbits). The degree of inhibition obtained with indirect assays was uniformly less and probably reflected the smaller number of respiratory tract lymphocytes stimulated to obtain material for the indirect MIF assay. Splenic lymphocyte MIF was significant in rabbits tested at the 3rd week, but it was surprising that splenic MIF activity was not greater in the seven animals tested at 2 wk (four of seven did not reach 20% inhibition). Little macrophage inhibition was detected in animals at 4 wk which was 2 wk Immunity to Pseudomonas Lipopolysaccharide However, we are uncertain which subpopulation of immune lymphocytes is responsible for this response. The general assumption had been that lymphokines, such as MIF, were released by specific antigenic stimulation of immune T lymphocytes (31) . The direct MIF assay does not differentiate the reactive lymphocyte populations in the respiratory cell suspensions. For the indirect MIF assay, nonadherent column-fractionated lymphocytes from the respiratory tract and spleen were used for in vitro cultures, but the subpopulation identification was not determined in our studies. Previously, such column-separated lymphocytes from guinea pig lymph node cell suspensions have been identified as predominantly T lymphocytes (20) . However, it is noteworthy that tuberculin-purified protein derivative and endotoxin lipopolysaccharide, prepared from E. coli and Serratia marcescens, have been shown to stimulate both guinea pig B and T lymphocytes to produce MIF (32) .
The importance of immune lymphocytes in the coordinated host defense of the lung might be to modulate or enhance the activities of pulmonary macrophages through their production of lymphokines such as MIF.
However, the mechanism of lymphocyte-macrophage interaction and the actual effect of MIF on this interaction remains uncertain. Information about the effect of MIF on macrophage function has been obtained principally from peritoneal macrophage systems. Rabbit peritoneal macrophages showed better adherence and ameboid activity after prolonged exposure to supernatant fluids obtained from immune lymph node cell cultures (33) . Likewise, guinea pig macrophages showed improved activity in several parameters, including phagocytosis, after exposure to MIF (34) .
Guinea pig macrophage bacteriostasis against L. mwnocytogenes was enhanced after prior incubation of macrophages with lymphocytes, obtained from lymph nodes of orthochlorobenzoyl bovine gamma globulin-immunized guinea pigs, and with the immunizing antigen (35) . Yet, exposure of peritoneal macrophages to lymphocyte culture media possessing a high degree of MIF activity had no effect on macrophage bacterial capacity against the intracellular organism L. mnonocytogen-es (36) .
However, peritoneal and alveolar macrophages are sufficiently different cell types (37) that generalizations should be avoided. Alveolar macrophages were capable of responding to MIF in this rabbit system, contrary to reported findings in guinea pigs (38) . Although lymphocytes accounted for only 7% of respiratory cells, it has been shown (31) that as few as 1% sensitized lymphocytes are sufficient to inhibit the migration of a population of normal unsensitized macrophages. There is ample evidence (3-7) that a variety of infectious agents can produce cellular immunity or delayed hypersensitivity in the respiratory tract. The biological significance of these cellular events will require further studies which utilize cells indigenous to the lungs.
